Summary. Anoestrous Romney Marsh ewes with ( + P) and without ( \ p=n-\ P) progesterone pretreatment were induced to ovulate by multiple low-dose injection of GnRH followed by a bolus injection of GnRH. Luteal function was assessed by twice daily measurement of plasma progesterone. Animals were slaughtered on Days 3 or 5 after the end of GnRH treatment and CL and endometrium were recovered. In all Day-5 ewes, blood samples were collected at 30-min intervals for 8 h on Days 3 and 5 for measurement of PGFM and oxytocin. At slaughter 92% of the Group +P ewes had ovulated compared with 54% of the Group \p=n-\P ewes. The ovaries of some of the Group \ p=n-\P ewes only contained luteinized cysts either alone or in association with CL. In the ewes that ovulated, progesterone profiles were normal in all Group +P ewes, whereas Group \p=n-\P ewes had 'normal' or 'abnormal' profiles in which plasma progesterone was declining prematurely. All of the CL from ewes with abnormal progesterone profiles were associated with follicular cysts, and were significantly smaller and with a lower progesterone content on Day 5. PGFM levels decreased (P < 0\m=.\05) between Days 3 and 5 in ewes in Groups +P and \ p=n-\P with 'normal' CL but increased (P < 0\m=.\01) in Group \ p=n-\P ewes with 'abnormal' CL. Oxytocin levels were lower in Group \ p=n-\P ewes with 'abnormal' CL on Day 5, than in 'normal' ewes in Groups \p=n-\P (P < 0\m=.\01) or + (P < 0\m=.\05). In 3/5 Day-5 ewes with 'abnormal' CL there was a clear association between a major peak of oxytocin and a rise in PGFM during the frequent sampling period on Day 3 or Day 5, and endometrial oxytocin binding sites were present at slaughter. This suggests that the premature regression of 'abnormal' CL occurs via the normal luteolytic mechanism. Although ewes in Groups +P and \p=n-\Pwith 'normal' CL had similar progesterone profiles, plasma oxytocin was significantly higher (P < 0\m=.\05) in the Group \ p=n-\ P ewes and oxytocin binding sites were present only in this group, suggesting that progesterone pretreatment can influence the production of both oxytocin and its receptor.
Introduction
It is now well documented that abnormal luteal function frequently follows ovulation induced in anoestrous ewes by multiple low-dose injections of gonadotrophin-releasing hormone (GnRH), unless the animal has previously been primed with progesterone (McLeod et ai, 1982; Southee et al., 1988a) . These short luteal phases were characterized by a transient rise in plasma progesterone *Reprint requests to Dr M. G. Hunter. concentrations to about 0-5 ng/ml 3 days after GnRH treatment which declined to basal values between Days 4 and 5. Premature regression of these inadequate corpora lutea can be prevented by removal ofthe uterus (Southee et ai, 1988b) , suggesting the involvement of a uterine luteolysin.
In the cyclic ewe, luteal function is terminated by the release of prostaglandin (PG) F-2a from the uterus in pulses which increase in frequency and magnitude as the circulating concentrations of progesterone decline and oestradiol increase (McCracken et ai, 1972; Barcikowski et ai, 1974; Baird et ai, 1976) . The initiation of luteolysis is thought to involve oxytocin, which is present in the corpus luteum ofthe ewe (Wathes & Swann, 1982) and may engage in a positive feedback loop with PGF-2a (Flint & Sheldrick, 1983) , providing that sufficient uterine oxytocin receptors are present. Their number is regulated by the concentrations of circulating steroids and starts to rise on about Day 14 ofthe cycle (Roberts et ai, 1976; Sheldrick & Flint, 1985) .
The purpose of the present study was to investigate whether PGF-2a and/or oxytocin play a major role in the premature regression of these abnormal corpora lutea. This would be suggested by a pulsatile release pattern similar to that found during normal luteolysis. Alternatively, if the concentrations of the two hormones were similar to those found during the normal early luteal phase, this would suggest a possible increase in sensitivity of the abnormal corpus luteum to luteolytic hormones. (Hunter et ai, 1988) . The bolus injections were given just before the ewes would have had a spontaneous LH surge, this being earlier in the Group -ewes than the Group +P ewes (McLeod et ai, 1982) , and have been shown to have no effect on ovulation rate or luteal function. Blood samples (3 ml) were collected via the jugular vein catheter at 2-h intervals during the treatment and for a further 8 h after the bolus injection. The plasma was stored at -20°C for subsequent LH determination. Twice daily blood samples (5 ml) for progesterone analysis were collected from all animals until slaughter. The time of the administration of the bolus injection of GnRH was considered to be time 0, and 6 Group + and 7 Group -ewes were slaughtered after 72 h (Day 3). The remaining 6 Group +P and 20 Group -ewes were slaughtered after 120 h (Day 5). All the Day-5 ewes were subjected to two 8-h periods of blood sampling every 30 min between 72 and 80 h and 112 and 120 h after the bolus injection. Blood samples (15 ml) were collected on ice, centrifuged immedi¬ ately and 5 ml plasma for oxytocin RIA were acidified by the addition of 0-25 ml 0-1 N-HC1, snap-frozen on solid C02
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and stored at -20°C. This procedure has been shown to prevent loss of oxytocic activity during storage (Homeida & Cooke, 1984 Cran (1983) .
Hormone radioimmunoassays. Concentrations of LH in peripheral plasma were assayed using the specific doubleantibody radioimmunoassay of Foster & Crighton (1974) as modified by McLeod et ai (1982) . The limit of sensitivity within this study was 0-15 ng NIH-LH-S24 equiv./ml plasma, and the intra-assay coefficient of variation was < 10%.
The oxytocin measurements in plasma were performed as described previously (Wathes et ai, 1983 (Wathes et ai, , 1986 ) except that a different antiserum (85/2, raised and characterized by Dr Janis Fletcher in the Department of Anatomy, University of Bristol) was used. This cross-reacts 32% with mesotocin but not with arginine vasopressin, lysine vasopressin, arginine vasotocin, or neurophysin I or II (all < 0-1 %). The sensitivity of the assay was 0-4 pg per tube (equivalent to 0-6 pg/ml plasma) and the inter-and intra-assay coefficients of variation were 12-0% and 4-9% respectively.
PGFM concentrations in plasma were measured according to the method of Kaker et al. (1984) . Samples of 0-5 ml plasma were acidified with 005 ml 1 N-HC1 and extracted with 2 ml diethyl ether. The mean extraction efficiency was 81 + 2-8%, the limit of sensitivity 40 pg/ml and inter-and intra-assay coefficients of variation were 15 and 7% respectively.
The determination of progesterone in peripheral plasma was carried out using the radioimmunoassay method described by Hunter et al. (1986) . The assay showed negligible cross-reaction with other major steroids and within this study the limit of sensitivity was 0-1 ng/ml plasma, the mean extraction efficiency was 83 + 3% and inter-and intra-assay coefficients of variation were both < 12%. Tissue content of progesterone was measured by homogenizing the tissue in a total volume of 5 ml double-distilled ethanol using a polytron homogenizer. Aliquants (100 pi) of the ethanol extract were subsequently evaporated to dryness in extraction tubes and redissolved in assay buffer for direct RIA of progesterone as described by Hunter et ai (1988) . Inter-and intra-assay coefficients of variation were again both <12%.
Oestradiol concentrations in diluted follicular fluid were measured after extraction according to the method of Foxcroft et al. (1984) as validated by Hunter et ai (1986) , with a limit of sensitivity of 005 ng/ml and a mean recovery of 92 + 0-75%. Inter-and intra-assay coefficients of variation were both <8%.
All samples for radioimmunoassay were analysed within 9 months of collection. Sheldrick & Flint (1985) . 
LH responses
All of the ewes featured in Table 1 showed an ovulatory discharge of LH in response to the bolus injection ranging from 29 to 85 ng/ml. There were no significant differences in the height of the response between the treatment groups or between animals which ovulated and those which did not.
Progesterone profiles
These are illustrated in Fig. 1 ovulated showed an increase in progesterone which continued to rise until the end of the sampling period and was typical of ewes exhibiting 'normal' luteal function. The progesterone profiles ofthe Group -ewes divided into two groups, similar to those described by Southee et ai (1988a) Fig. 2c ). In 1 ewe this occurred on Day 3, and in 2 ewes on Day 5. This coincident release pattern was not seen in any of the ewes in the other groups. The remaining 2 ewes had relatively low levels of both hormones on both days.
The 4 ewes with cysts all had significantly (P < 005 at least) lower oxytocin concentrations on both days than did those in any ofthe other groups, although 3 of them had 'normal' progesterone profiles. PGFM levels were only measured in 2 animals and showed no particular trend. Oxytocin binding sites were again present.
Follicular oestradiol concentrations
Follicular fluid was collected from the 3 largest follicles in each ovary, but in the majority of ewes in all groups the oestradiol concentration was below the limit of assay sensitivity in the 2 smaller follicles and therefore only the oestradiol concentration in the largest follicle was used for analysis. There were no significant differences among the groups, with mean + s.e.m. values of 22 + 5-9, 14 + 3-2, 17 + 10-5 and 24 + 7-3 ng oestradiol/ml follicular fluid in Group +P ' 
Discussion
The present study has confirmed previous reports that progesterone priming of anoestrous ewes followed by multiple low dose GnRH injections and a final bolus of GnRH results in ovulation and apparently normal luteal function (McLeod et ai, 1982; Southee et ai, 1988a) . In comparison, only 52% ofthe non-primed (Group -P) ewes treated with GnRH ovulated, and a large proportion of the resulting corpora lutea were abnormal, with ewes having short luteal phases similar to those reported by Southee et ai (1988a) . In this study, but not in previous work (Hunter et ai, 1988; Southee et ai, 1988a) , the abnormal CL were associated with luteinized cysts. In the present study a significant number of cysts had a normal external appearance and size and could be distinguished from CL only by careful histological analysis. It seems likely that in the 'abnormal' ewes some of the stimulated follicles develop into cysts and some into abnormal CL. The lower ovulation rate in this group, which again had not been observed in previous studies, is consistent with this interpretation.
The corpora lutea which were recovered from the Group + and Group -ewes on Day 3 were all of a similar weight, and plasma progesterone concentrations had started to rise. However, by Day 5 it became apparent that the Group -ewes which had ovulated could be divided into two categories based on their plasma progesterone profiles (Southee et ai, 1988a (Flint & Sheldrick, 1983; Hooper et ai, 1986) . It is possible that in the remaining 2 ewes a similar pattern could have occurred outside the sampling period. As oxytocin binding sites are also present it is therefore likely that regression ofthe abnormal corpora lutea occurs in the normal way. The fact that in these animals PGF-2a was being released in a luteolytic manner after only 2-3 days of slightly elevated progesterone secretion is in contrast with the proposal that 7-10 days of progesterone priming are required for the optimum PGF-2a response of the uterus to oxytocin (Baird et ai, 1976; McCracken, 1980) . The concentrations of PGFM measured were similar to those reported by Flint & Sheldrick (1983) during normal luteolysis but appeared lower than those found by Louis et ai (1977) . The oxytocin binding sites were present in amounts comparable to those found in normal cyclic sheep in the early luteal phase but con¬ centrations were lower than those reported by Sheldrick & Flint (1985) during luteolysis. Nevertheless, they were clearly sufficient to enable oxytocin to stimulate the release of PGF-2a.
Oestradiol is known to have a luteolytic action in sheep (Hawk & Bolt, 1970; Cook et ai, 1974) probably by inducing the formation of oxytocin receptors (Roberts et ai, 1976; Sheldrick & Flint, 1985; Hixon & Flint, 1987) . In the present experiment follicular fluid oestradiol concentrations were not significantly different between any of the groups and so this factor cannot account for the absence of oxytocin binding sites in all the Group + 'normal' ewes in contrast to their presence in most ofthe Group -ewes, both 'normal' and 'abnormal'. However, it may be that oestradiol concentrations had differed earlier in the luteal phase.
Whilst the 'normal' corpora lutea from the Group + and -ewes were indistinguishable in terms of progesterone secretion, luteal size and morphology, plasma oxytocin values were signifi¬ cantly higher in the Group -animals on both Days 3 and 5. Unfortunately, an extraction prob¬ lem prevented the measurement of all the samples in the Group -P, but the data available do suggest a difference in the control of oxytocin production or secretion between the Group + and Group -ewes which merits further investigation. Althougn previous studies have demonstrated that progesterone pretreatment has a direct effect on follicular development (Hunter et ai, 1986) , the present results also show that progesterone pretreatment directly or indirectly alters oxytocin secretion and endometrial receptor populations and suggest actions at the level of the uterus as well as the ovary. In addition, 3 of the 4 animals with luteinized cysts only produced 'normal' progesterone profiles, while none of them secreted significant quantities of oxytocin. These data support in-vitro evidence in ewes that the factors regulating the production of oxytocin and progesterone in luteinized granulosa cells are different (Hirst et ai, 1986) . A 'normal' plasma progesterone profile is often taken to indicate that ovulation and luteal development are themselves
